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(54) SEMICONDUCTOR LASER ELEMENT 
(57)Abstract 

PROBLEM TO BE SOLVED: To reduce the element resistance and the 
operation voltage of a semiconductor laser in the blue violet wavelength 
region. 

SOLUTION: A semiconductor laser element is constituted of optical 
waveguide layers 3, 7, 13, light separation and confinement layers 4, 6, an 
active layer 5 and a contact layer 8. The layers 7. 13, 13 which are P-type 
crystal layers are made a superlattice heterostructure wherein all of the In 
composition are modulated, and P-type impurities are subjected to 
modulation doping by synchronizing the modulated structure of the In 
composition. Since the positive hole carrier concentration of a P— type 
optical waveguide layer can be activated nearly one figure higher than the 
conventional case, resistivity of the P-type optical waveguide layer can be 
reduced, and contact resistance between a P-type contact layer and a P- 
side electrode can be also improved. Therefore, the element resistance is 
reduced to be 1/5-1/10 of the conventional case, and the element 
operation voltage when the injection current is 20mA can be reduced to 
be 3.1— 3.3V as compared with 3.6V in the conventional case. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The above-mentioned photoconductive wave field be the semiconductor-laser component characterize by to 
have the superstructure field formed by carry out the laminating of two kinds of semi-conductor layers from which In 
presentation differ by turns , and to be introduce p mold impurity only into the semi-conductor layer with large In 
presentation in the above-mentioned superlattice field including the photoconductive wave field which be join by the 
active region which have a barrier layer , and this barrier layer field , and consist of a semi-conductor with larger 
forbidden-band width efface than this barrier layer . 

[Claim 2] The photoconductive wave field which is joined by the active region which has a barrier layer, and this barrier 
layer field, and consists of a semi-conductor with larger forbidden-band width efface than this barrier layer, The contact 
field in which it is joined by this photoconductive wave field, and the current supply source means to this active region is 
formed is included. The above-mentioned photoconductive wave field and the above-mentioned contact field are a 
semiconductor laser component characterized by having the superstructure field formed by carrying out the laminating of 
two kinds of semi-conductor layers from which In presentation differs by turns, and introducing p moid impurity only into 
the semi-conductor layer with large In presentation in the above-mentioned superlattice field. 
[Claim 3] Two kinds of semi-conductor layers which constitute the above-mentioned superstructure field are 
semiconductor laser components according to claim 1 or 2 characterized by the configuration element except In being the 
same. 

[Claim 4] The semi-conductor layer into which p mold impurity is not introduced among two kinds of semi-conductor 
layers which constitute the above-mentioned superstructure field in the above-mentioned photoconductive wave field is a 
semiconductor laser component according to claim 1 to 3 characterized by not including In as a configuration element 
[Claim 5] The above-mentioned barrier layer is a semiconductor laser component according to claim 1 to 4 characterized 
by consisting of a group ni-V semiconductor who contains nitrogen as a configuration element 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is [0002] about the semiconductor laser component suitable for an optical 
information terminal or the optical application measurement light source. . 

[Description of the Prior Art] The component structure which constitutes blue light emitting diode about the light emitting 
device of a blue field is described in an applied physics letter magazine and 1994 until now in 64 volumes and 1687 - 1689 
pages (Appl.Phys.Lett, 64, 1687-1689(1994).), and the example of production of the lightguide using a GalnN/GaN/AIGaN 
ingredient or a luminescence barrier layer is shown. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the conventional technique which the above-mentioned paper 
magazine indicates has described the luminescence barrier layer and the whole lightguide configuration in the blue light 
emitting diode which used the nitride system ingredient in this kind of component, the level of p mold carrier 
concentration of a lightguide is still low, and neither component resistance nor operating voltage is improved enough. 
Moreover, about the technique of raising p mold carrier concentration, a detail is not explained and reference is not made 
to the contents about the structure of reducing the component resistance and operating voltage in semiconductor laser 
with stripe geometry further. For example, in the compound semiconductor laser which consists of an ni-V group element, 
p mold lightguide and p mold contact layer are prepared between a barrier layer and p lateral electrode. These layers inject 
n group element (for example, Mg) into the compound semiconductor layer of an Ill-V group element as a dopant, and are 
formed. The dopant of II group element replaces and goes into an ID group element to the site to which an III group 
element exists in the crystal of a compound semiconductor. Since there are few a peripheral electrons compared with an 
ni group element if II group element with few one peripheral electron goes into this site, it will serve as a cation, namely, 
will offer an electron hole. This electron hole serves as a carrier in a p type semiconductor, and that amount determines 
the component resistance and operating voltage in a semiconductor laser component By the way, begin above-mentioned 
blue light emitting diode, and it sets to light emitting devices, such as a semiconductor laser component. The dopant ion 
concentration [ in obtaining the component resistance and operating voltage which are sufficient for practical use ] in 
above-mentioned p mold lightguide Although it is requested that (namely, n group element concentration which went into 
the site of^an IH group element and was ionized) should be carried out more than 5x1018cm~3-1x1019cm~3 or this about 
5x101 7cm~3-1x1018cm~3 or more than this, and p mold contact layer This concentration was actually saturated with 
5x101 Scm^S-lxlOI 7cm''3 to the injection rate of a dopant in the GaN layer, therefore carrier concentration of p mold 
lightguide or p mold contact layer was not able to be raised enough. 

[0004] Especially, with an III-V group nitride system compound semiconductor ingredient, the main purposes of this 
invention realize resistivity reduction of difficult p mold lightguide. and attain the reduction in resistance of a laser 
component and the reduction in operating voltage which consist of the compound semiconductor concerned. Moreover, 
the refractive index of p mold lightguide is raised desirably, the large guided wave structure of the optical confinement 
effectiveness is formed near the barrier layer of a semiconductor laser component, and luminous efficiency is raised, 
attaining these purposes — especially, laser actuation (laser beam oscillation) of the purple-blue color wavelength field in 
the device which consists of a nitride system compound semiconductor ingredient — a low threshold — and it can realize 
with low resistance low operating voltage, and dependability is raised over a long period of time. 
[0005] 

[Means for Solving the Problem] In order to improve especially the level of the carrier concentration in the p type 
semiconductor layer whose bulk growth of a nitride system semi-conductor was inadequate in production of the 
semiconductor laser which consists of a compound semiconductor first in this invention in attaining the above-mentioned 
purpose The crystal layer (semi-conductor layer) which introduced suitable In element for activation of p mold carrier is 
prepared as a lightguide which is joined to a barrier layer or is prepared in this through other semi-conductor layers 
(barrier layer etc.). The superlattice hetero structure which modulated In presentation by atomic layer order in this crystal 
layer, and was synchronized with this, and carried out the modulation dope of the p mold impurity is formed. Namely, the 
photoconduotive wave field which is joined by the active region which has a barrier layer, and the barrier layer field 
concerned in this invention, and consists of a semi-conductor with larger forbidden-band width efface than this barrier 
layer is included. It has the superstructure field formed by a photoconductive wave field carrying out the laminating of two 
kinds of semi-conductor layers from which In presentation differs by turns, and the semiconductor laser component 
equipped with p mold impurity being introduced only into the semi-conductor layer with large In presentation in the 
superlattice field as fundamental requirements for a configuration is produced. Moreover, the superstructure field where 
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the laminating of two kinds of semi-conductor layers from which In presentation differs was carried out to this contact 
field by turns, and it was formed in it including the contact field where it is further joined to this fundamental requirement 
for a configuration by the photo conductive wave field, and the current supply source means to an active region is formed 
in it. and p mold impurity was introduced only into the semi-conductor layer with large In presentation of them may be 
formed. This semiconductor laser component is formed as what has the so-called duplex Junction structure which usually 
sandwiched the small luminescence barrier layer of the forbidden-band width efface prepared in the semi-conductor 
substrate upper part of a single crystal by the lightguide with big forbidden-band width efface, p mold carrier 
concentration of the high layer of In presentation ratio in an above-mentioned superlattice field is the range of three or 
less 1019-/cm, and it is desirable to set up so that it may be activated on level with the electron hole carrier 
concentration higher than the case where p mold impurity is doped uniformly in the lightguide concerned. In any case, the 
direction where it is good also as the same (for example, GaPN and GalnPN). and p mold impurity is not introduced among 
these semi-conductor layers in the configuration element excluding [ two kinds of semi-conductor layers which constitute 
these superstructure fields ] In may be formed so that In may not be included as a configuration element Furthermore, a 
barrier layer may be constituted from a group III-V semiconducter who contains nitrogen as a configuration element, and 
may form the so-called multiplex quantum well structure where such a two or more layers barrier layer was prepared in 
the above-mentioned active region. 

[0006] If the outline of the semiconductor laser component configuration of this invention stated above is put in another 
way by the example, in the semiconductor laser component which consists of the conventional group III-V semiconducter, 
the place which transposes an AIGaN lightguide to the superstructure which consists of an AIGaN/AIGaInN layer, 
respectively will become the superstructure which a GaN lightguide becomes from a GaN/GaInN layer with the 1st 
description. Moreover, it considers as the superlattice hetero structure which carried out the laminating of a GaInN layer 
with small In presentation of p mold contact layer in contact with p lateral electrode, and the GaInN layer with big In 
presentation by turns, and the place which introduces p mold impurity into a GaInN layer with big In presentation serves as 
the 2nd description. That is, the lightguide by which a laminating is carried out to the method of p lateral electrode of a 
semiconductor laser component in this invention 0 Or two kinds of semi-conductor layers from which In presentation 
differs in formation of a cladding layer and a contact layer (one side) Prepare the superstructure field which consists of In 
not being included, it is made to synchronize with thin film growth of the atomic layer order of the semi-conductor layer 
(layer into which In was introduced to the layer which does not contain In) which enlarged In presentation of this field, and 
the technique of carrying out the modulation dope of the p mold impurity is used for this, p mold impurity — for example, 
Mg or Zn — as the raw material of a simple substance or an organometaliic compound — using — molecular beam epitaxy 
(MBE) — law or organic metal vapor growth (MOVPE) — it introduces by law. When it constitutes a lightguide from a GaN 
layer or an AIGaN layer, and a compound semiconductor layer that introduced In into this, p mold impurity dope is good to 
carry out so that average p mold carrier concentration in p mold lightguide whole region may go into the range of 5x1017 
to 5x1018-/cm3. Moreover, p mold impurity dope in p mold contact layer which consists of two kinds of GaInN layers from 
which In presentation differs is good to carry out so that average p mold carrier concentration in the contact layer whole 
region concerned may go into the range of 5x1018 to 2x1019-/cm3. Desirably, all of the lightguide and contact layer of the 
method of p lateral electrode are formed by the superstructure by this technique. In this invention, without changing the 
substantial forbidden-band width efface of a lightguide a lot. a high-concentration electron hole carrier is obtained and 
increase of the refractive index accompanying installation of In presentation can be utilized for the optical confinement in 
a luminescence barrier layer. By these, it operates by the low threshold current and the component which reduced 
component resistance and operating voltage is realized. 

[0007] Furthermore, if the desirable additional requirements for a configuration are specified for the laser component of 
this invention, it will be good to constitute so that a compressive strain or an optically biaxial lattice strain may join p mold 
lightguide by installation of In presentation in the 1st, and to hold down each thickness of the In installation layer 
concerned to under critical thickness in p mold lightguide whole region. The semi-conductor substrate of the single crystal 
used as the base for constituting a laser component in the 2nd is desirable to formation of the laser component which 
becomes being the silicon carbide (alpha-SiC) which has the sapphire (alpha-aluminum 203) substrate or (0001) C side 
which has C (0001) side with the Wurtzite structure of hexagonal system from a nitride system compound semiconductor 
especially. In this case, in case optical waveguide structure is established on a hexagonal system Wurtzite structure 
substrate, it is good to be parallel to the Ath (1 1 -20) page of a substrate, or to set up the direction which forms 
waveguide in the direction which becomes perpendicular. Moreover, optical waveguide may be constituted in the 
embedding mold (BH) stripe geometry which establishes a real refractive-index difference to the longitudinal direction of a 
luminescence barrier layer as stripe geometry with a rectangle-like cross-section configuration and by which the guided 
wave of the basic transverse mode is carried out to stability. The crystal layer which constitutes rectangle-like optical 
waveguide structure is good to form BH stripe geometry with an insulator layer mask and a selective growth technique. 
Even if it constitutes it from a single quantum well layer, it is good also as multiplex quantum well structure which consists 
of two or more quantum wells, and a luminescence barrier layer [ in / as the 3rd / the active region of semiconductor 
laser ] is good also as the single which constituted the luminescence barrier layer by the deformation amount child well 
layer which introduced the lattice strain, or multiplex deformation amount child well structure so that it may extend the 
degree of freedom of the material selection of a luminescence barrier layer and the barrier layer which confines an 
electron or an electron hole (carrier) in this. 

[0008] The basis of an operation characteristic of an above-mentioned component configuration is explained below. 
[0009] In order to activate a high level conventionally and to set up the electron hole carrier concentration of p mold 
lightguide, the technique of synchronizing with the modulated structure of the above-mentioned In presentation, and 
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introducing p mold impurity is applied. In element acts in the direction which makes small forbidden-band width of face of 
the semi-conductor to every semiconductor material. Since forbidden-band width of face is made small and spacing of a 
valence band and impurity level is especially narrowed relatively also to a nitride semiconductor material, carrier activation 
of p mold impurity will be promoted. For example, since the rate of activation can be improved also in the same amount of 
p mold impurities by considering as a GaInN crystal layer to a GaN crystal layer, high electron hole carrier concentration 
can be set up. Therefore, according to this invention, in the lightguide of a semiconductor laser component, the electron 
hole carrier concentration to 1019-/cm3 can be set as arbitration. 

[0010] Explanation of model invention is further continued using a reductio ad absurdum. For exam'ple, if In presentation is 
introduced into the lightguide, this forbidden-band width efface will become small, and when the forbidden-band width of 
face of a luminescence barrier layer is approached, guided wave light will receive absorption. By this invention, absorption 
by the lightguide of the light which emitted light from the barrier layer and which should be carried out a guided wave is 
prevented to this problem as superlattice hetero structure where In presentation was modulated by atomic layer order. 
That is, in p mold lightguide, it is made to synchronize with modulating In presentation by atomic layer order, and p mold 
impurity is introduced, and in order not to decrease forbidden-band width efface greatly, it is considering as superlattice 
hetero structure. Incidentally with the semi— conductor layer of atomic layer order, it is specifically specified as a part for 
number atomic layer thickness, and the thing which has the thickness around 10A on the basis of the magnitude of 5.1 66A 
of one atom which constitutes this (diameter) (since the laminating of the atom is carried out to the shape of a hound's- 
tooth check). Moreover, although p mold contact layer in contact with p lateral electrode is made into the superstructure 
which consists of two sorts of p mold GaInN layers from which In presentation ratio differs, by modulating In presentation 
still more greatly, introducing a compressive strain into this (enlarging the difference of In presentation ratio of a high In 
concentration layer and a low In concentration layer) superstructure, and bending the band structure of a valence band, 
electron hole carrier concentration is activated more and high conductivity is attained. It has been small improved by the 
contact resistance of p lateral electrode by this invention, and p mold contact layer even in one to 5x1G~6-ohmcm2. 
[0011] Moreover, since the electron hole carrier concentration of p mold lightguide becomes high by this invention, the 
pseudo-Fermi level is set up more highly and the energy barrier of p mold lightguide to a luminescence barrier layer can be 
set up greatly. For this reason, since the overflow carrier (electron which goes into p mold lightguide from a barrier layer, 
without contributing to luminescence) from a barrier layer was controlled, it was possible to have improved eye carrier 
****** in a barrier layer. To the component property, the effectiveness of low threshold actuation or the operational 
stability under an elevated temperature was also seen. 

[0012] Establishing the superlattice hetero structure which modulated In presentation near the barrier layer leads to the 
ability of the optical confinement factor in a barrier layer to be designed greatly compared with the lightguide which does 
not introduce In presentation. This is because the refractive index of the crystal layer which introduced In presentation 
can be enlarged, and the magnitude of In presentation and the thing which introduced and for which the optical 
confinement of a barrier layer is designed and adjusted by the thickness of a thin film layer or the total thickness of a 
superstructure are repeatedly possible for it. By carrying out the optimum design of this optical confinement factor, low 
threshold efficient actuation and elevated-temperature actuation can be obtained, and the aspect ratio of a far field 
pattern can be ac|justed. 

[0013] It was possible to have reduced the operating voltage at the time of the reduction in resistance and laser 
oscillation of a component by the above. Moreover, the low threshold of a component and efficient actuation were attained 
by applying the refractive-index guided wave stripe geometry which can attain stabilization of the basic transverse mode. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention described in an example 1 thru/or 5, 
and these related drawings explains this invention to a detail. 

[0015] One example of <example 1> this invention is explained to be drawing 1 (a) by (b). On the sapphire (alpha-aluminum 
203) substrate 1 which has C (0001) side of drawing 1 (a) first After heat-treating a substrate in 1200 degrees C from the 
temperature of 1000 degrees C, supplying ammonia NHS by metal-organic chemical vapor deposition, In the temperature 
of 450-550 degrees 0, grow up and the GaN buffer layer 2 is set in temperature of 1000-1100 degrees C. The n mold GaN 
lightguide 3, the n mold AIGaN lightguide 4, An undoping GaN quantum barrier layer And the compressive strain multiplex 
quantum well barrier layer 5 which consists of an undoping GaInN quantum well layer, the p mold AIGaN/AIGaInN 
superlattice hetero structure lightguide 6, the p mold GaN/GaInN superlattice hetero structure lightguide 7, and the p mold 
GalnN/GaInN superlattice hetero structure contact layer 8 It prepares. Under the present circumstances, p moid 
lightguide 6, p mold lightguide 7, and p mold contact layer 8 were made into the superlattice hetero structure where In 
presentation was modulated altogether, as typically shown in drawing 1 (b), they formed the lightguide and the contact 
layer by the repeat of the superlattice thin film layer of atomic layer order, and Mg of p mold impurity is synchronized with 
the modulated structure of In presentation, and they have introduced it. Therefore, Mg is doped by the AIGaInN layer of a 
lightguide 6, the GaInN layer of a lightguide 7, and the GaInN layer (direction of In presentation size) of the contact layer 8, 
and nothing is doped by the AIGaN layer of a lightguide 6, the GaN layer of a lightguide 7, and the GaInN layer (direction of 
In presentation smallness) of the contact layer 8. In the form of an organometallic compound, p mold impurity Mg was 
introduced into p mold lightguide 6 and p mold lightguide 7 in the range of 5x1017 to 2x1018-/cm3. and introduced it into p 
mold contact layer 8, respectively in the range of 5x1018 to 2x1019-/cm3. Next, by photolithography and etching 
processing, as shown in drawing 1 (a), a part of crystal layer is removed until it results in a layer 3. Then, an insulator layer 
9 is formed and the direction of a window region stripe is formed in the direction parallel to the Ath page in this 20alpha— 
aluminum 3 substrate 1 (11-20). Moreover, the pattern of the p lateral electrode 10 and the n lateral electrode 11 is 
vapor-deposited with lithography. Finally, the component cross section shown in drawing 1 (a) is obtained by carrying out 
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cleavage of the substrate in the perpendicular direction to an optical waveguide stripe. 

[0016] Since the electron hole carrier concentration of the p mold GaN and an AIGaN lightguide was more highly [ than 
before / an about single figure ] activable according to this example, the resistivity of p mold lightguide has been reduced. 
Furthermore, the contact resistance of p mold contact layer and p lateral electrode can also be small improved even in 
one to 5x10~6-ohmcm2. Thereby, component resistance of this example could be reduced from 1/5 of the conventional 
component to 1/10 (it is dependent on In presentation ratio of each class), and has reduced 20mA o'clock [ of inrush 
currents ] component operating voltage even to 3.1 -3.3V to conventional 3.6V further. Moreover, since electron hole 
carrier concentration can be made high by this invention, the pseudo-Fermi level of p mold lightguide can be made higher. 
Thereby, the energy barrier of p mold lightguide to a luminescence barrier layer was able to be enlarged. As for this, it was 
possible to have controlled the overflow carrier from a barrier layer, and for the carrier in a barrier layer to have closed, 
and to have made eye ** improve. Furthermore, since In is contained in p mold lightguide, the refractive index becomes 
high and enlarges the optical confinement factor near the luminescence barrier layer. This component structure had the 
stripe geometry of a gain guided wave mold, and in a room temperature, laser actuation is possible for it, and it obtained 
the component which carries out laser oscillation in the range which is 410-430nm of a purple-blue color wavelength 
region. 

[0017] Drawing 2 explains other examples of <example 2> this invention. After forming in the GaN/GaInN superlattice of p 
mold to the terrorism assembling-die lightguide 7, the insulator layer mask extended in the shape of a stripe in the top- 
face center section of the lightguide 7 with photolithography is formed, further, although a component is produced like an 
example 1, a lightguide 7 is removed and a ridge stripe is formed by etching using this insulator layer mask, until the top 
face of the p mold AIGaN/AIGaInN superlattice heterojunctton mold lightguide 6 is exposed. Next, selective growth of the 
n mold GaN current constriction layer 12 is carried out using an insulator layer mask. After removing an insulator layer 
mask, the p mold GaN/GaInN superlattice hetero structure embedding layer 13 and the p mold GalnN/GaInN superlattice 
hetero structure contact layer 8 are formed. Next, by photolithography and etching processing, as shown in drawing 2 , the 
both sides of ridge stripe geometry are removed until it results in a layer 3. Then, a component is produced completely like 
an example 1. 

[0018] Since it was made to the refractive-index guided wave structure where the current constriction layer 12 was 
formed according to this example, the component of a low threshold was obtained rather than the example 1 . The 
threshold current has been reduced even from 1/3 to 1/5 compared with the example 1. The range of a purple-blue color 
wavelength region of oscillation wavelength was 410-430nm. 

[0019] Drawing 3 explains other examples of <example 3> this invention. First, it prepares to the GaN lightguide 3 of n 
mold like an example 1 or 2. Next, the insulator layer mask 14 for selective growth of two articles extended in the shape of 
a stripe is formed in lightguide 3 top face by photolithography and etching. Then, selective growth of the compressive 
strain multiplex quantum well barrier layer 5 which becomes a start from the n mold AIGaN lightguide 4, an undoping GaN 
quantum barrier layer, and an undoping GaInN quantum well layer about re-growth of the n mold GaN lightguide 3, the p 
mold AIGaN/AIGaInN superlattice hetero structure lightguide 6, the p mold GaN/GaInN superlattice hetero structure 
lightguide 7, and the p mold GalnN/GaInN superlattice hetero structure contact layer 8 is carried out by metal-organic 
chemical vapor deposition. That is, at the process from re-growth of a lightguide 3, since crystal growth has arisen 
alternatively in the field divided with the stripe-like insulator layer mask whose number is two, the layered product of a 
crystal which has a rectangle cross section as shown in drawing 3 is formed. Then, an insulator layer 9 is formed and 
vacuum evaporationo formation of the pattern of the p lateral electrode 10 and the n lateral electrode 11 is carried out 
with lithography. Furthermore, the component cross section shown in drawing 3 is obtained by carrying out cleavage of the 
substrate in the direction perpendicular to waveguide. 

[0020] According to this example, BH stripe geometry which guides the basic transverse mode to stability according to a 
real refractive-index difference was producible. With this component, rather than the component of an example 1, since 
the large refractive-index difference of a barrier layer longitudinal direction can be taken, guided wave light can be spread 
to stability. Furthermore, since the current constriction effectiveness was also large, low threshold actuation was possible. 
The threshold current has been reduced even from 1/2 to 1/3 to the pan compared with the example 2. The range of a 
purple— blue color wavelength region of oscillation wavelength was 410-430nm. 

[0021] Drawing 4 explains other examples of <example 4> this invention. Although a component is produced like an 
example 3, selective growth of the same crystal layer as an example 3 is carried out using the insulator layer mask 14 
containing a dummy pattern as shown in the outside of BH stripe geometry equivalent to an example 3 at drawing 4 . A 
dummy pattern is a selective growth field (field divided with the insulator layer mask) which prepares one articles of 
insulating stripe— like masks at a time in abbreviation parallel, and is formed in these on the outside of the insulating mask 
of the shape of a stripe of two articles established by component formation of drawing 3 and which was newly formed 
when putting in another way. To the stripe on a dummy pattern, the insulator layer mask 9 is carried out like drawing 4 , is 
covered, and it is made not to pour in a current Then, the component cross section shown in drawing 4 is obtained by 
vapor-depositing an electrode and carrying out cleavage of the substrate. 

[0022] According to this example, the crystallinity of the waveguide crystal layer in BH stripe geometry of a center section 
is improvable with the dummy pattern. Consequently, compared with an example 3, low threshold actuation is possible, and 
the threshold current has been reduced fr-om the example 3 from 2/3 to 1/2 to the pan. Also about quantum efficiency, it 
has increased 50% from 30% from the example 3. The range of a purple-blue color wavelength region of oscillation 
wavelength was 410-430nm. 

[0023] Other examples of <example 5> this invention are explained. In this example, in the semiconductor laser component 
which has the component configuration of already explained drawing 1 thru/or either of 4, an n moid GaN buffer layer is 
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prepared on it at a substrate 1 using the silicon carbide (alpha-SiC) of n moid whose substrate side bearing it is the 
Wurtzite structure of hexagonal system and is C (0001) side, and a component is produced according to a publication of an 
example 1 thru/or either of 4. 

[0024] According to this example, since a substrate had the conductivity of n mold, the electrode by the side of n was 
able to be vapor^deposited at the substrate rear face, and was able to conduct the current to the substrate vertical side. 
Since mounting which turned the joint down at the time of the assembly of a chip type element was attained by this, heat 
leakage nature has been improved. In this example, the laser component which operates at temperature higher than the 
above— mentioned example was obtained. 
[0025] 

[Effect of the Invention] Especially in this invention, in the III-V group nitride semiconductor material, since the electron 
hole carrier concentration of p mold lightguide can be set now as arbitration to 1019-/cm3 and the carrier was activated 
highly an about single figure rather than before, the resistivity of p mold lightguide has been reduced. Furthermore, the 
contact resistance of p mold contact layer and p lateral electrode was reduced, and it has improved small even in one to 
5x10~6-ohmcm2. With the component of this invention, while reducing the resistance from 1/5 to 1/10 conventionally, 
20mA o'clock [ of inrush currents ] component operating voltage has been conventionally reduced even to 3.1 -3.3V to 
having been 3.6V. Moreover, with high electron hole carrier concentration, since the pseudo-Fermi level in p mold 
lightguide was made higher, the energy barrier of p mold lightguide to a barrier layer has been set up more greatly than the 
conventional technique, a carrier [ in / in this / a barrier layer ] — it was effective in shutting up. Furthermore, since In 
presentation which makes a refractive index high was incorporated by p mold lightguide. the optical confinement factor 
near the luminescence barrier layer has been designed greatly. According to such effectiveness, with the component of 
this invention, it is low component resistance, and was able to operate with low operating voltage, and low threshold 
actuation was able to be aimed at. By this invention, the laser actuation which consists of an AIGaInN ingredient was 
checked in the room temperature, and the component which carries out laser oscillation in the wavelength field of a 
purple-blue color in the range with an oscillation wavelength of 410-430nm was obtained. 

[0026] Although this invention explained the AIGaInN semiconductor laser component produced on the sapphire of 
Wurtzite structure with C (0001) side, or a silicon-carbide-monocrystal substrate, it cannot be overemphasized that it is 
applicable to the semiconductor laser component using AlInGaAs/GaAs, AIGalnP/GaAs, GalnAsP/GalnAs/InP, 
AlInAs/GalnAs/InP, etc. which are other semiconductor material systems. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining the example 1 of this invention, and (a) is component structure drawing of 
longitudinal section, and (b) is a superstructure p mold impurity modulation dope crystal layer. 
[Drawing 2] It is component structure drawing of longitudinal section showing the example 2 of this invention. 
[Drawing 3] It is component structure drawing of longitudinal section showing the example 3 of this invention. 
[Drawing 4] It is component structure drawing of longitudinal section showing the example 4 of this invention. 
[Description of Notations] 

1 — (0001) C side sapphire single crystal substrate. 2 — GaN buffer layer, 3 — An n mold GaN lightguide. 4 — An n mold 
AIGaN light separation confining layer, 5 — GalnN/GaN compressive strain multiplex quantum well structure barrier layer, 
6 — A p mold AIGaN light separation confining layer, 7 — Superlattice hetero structure p mold impurity modulation dope 
GaN lightguide, 8 [ — n lateral electrode, 12 / — An n mold GaN current constriction layer, 13 / — A superlattice hetero 
structure p mold impurity modulation dope GaN embedding layer, 14 / — Insulator layer mask for selective growth. ] — A 
superlattice hetero structure p mold impurity modulation dope GaInN contact layer, 9 — An insulator layer, 10 — p lateral 
electrode, 1 1 



[Translation done.] 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_eije 



2007/05/18 



(12) ^ M ?t# S (A) 



{ii)4tffms4:iS#^ 
#ilS^9- 298341 

(43)^:^113 9 ^(1997)11^183 



(BDintci.^ mi^^ fffH^m^n Fi ms^^^ 

HOIS 3/18 HOIS 3/18 

H 0 1 L 33/00 H 0 1 L 33/00 C 



(21)filil#^ 


!|*S¥8- 114570 


(71)ffilSA 


OOOOOblOS 












8 4^(1996) 5^ 9 B 




































nm MB 








M^m^^T\im^^m 1 t B28osm 














(74) A 





(54) [^mto^m: 



(57) [^*^3 

[8?;^^^] ytw^m3, 7.13. ^^mmt&ibm 
-fS^t'fcv^T. pMiSH^B;it:-^)^Ji7, 13, 13 



m&'tm^cos.evi^znLxs. 1--3. svc^ris 




-3 
1-2 



-1 



(2) 



?t^¥9-2 98 34 1 



com^j:h zmcD^^i^m^^mzmm Lxm^^tLti 
mt^mmmmir^L. ±mmt^^mizii^^xinmm. 

•r^mm 1 xti 2 i^zimco^i^u-^m'f-. 
^mm t-t^m^m 1 7!js 3 cr,^^-rtit^—i>zsmc7)^^m 
II 1 T}^4 (7)\^^-rtL-^^tzmmco^i^u-^mT. 

[0001] 
[0002] , 

y ^iy^y^^y.- 1994^^, 64^, 1687-1689:i:(Ap 

Pl. Phys. Lett., 64. 1687-1689(1994) JlCfcV^Tai^ 

[0003] 

K t^za i>^^m::<^^m'^%mmM(^±wmmz-^\^xm 

±^^^^mi>z-^\'^xi±mm^wmLxii(^^. ^hi>z 
mfmi'^ms.^^mt^mm^zmvfznmiiznLxmR 



^^#cp— If- t-fc V ^x . m'&m t p mmm bcomn^zpm. 
ni-vmjmayit-^m^wmi^ziiwjm m^>.f. 

Mg) ^Y^-^'^yVtLX'^XLX'B^^tLh. umjt 
mco K N° >- h {± . it^^^^cr>m^Bt,zi5 1 II I ;^ 

jmifi^-th-^A v\<zum7m\>z^h'ixxh. m. 
mmw 1 -^'j^-^j:\^nmKm^t. umimi.zit'^^x 

l^zii^^hm=FW[}i'^mwmK^W:>sbh. hZhX\ ±^ 

^m^^zi6\>^x\i. mm^z^hm^mjik.mi^m&'t 
n^^zhtz^). iMcopm.'^m^m^ziDnhY—^-^yv 
^^ymm im-h. nmjumco^^ hi,zx->x^ 

itLfzUmTm^) ^5X1 Oi^cmH^— 1 X 1 018cm 
ifXii^niiUi. p^3>':?'i? h/liz-^v^TJiS X 1 0 
i8cmK3— 1 X 1 0^^c^WX\i^tlVJ±\Z-th^ttmm 
■^fix^^hti^. ^HHtiGaNat; Y-J-^y V(r)mxmz 
>rtL, iOiaj^tiBx l Oiecmff— 1 x l 0 i^cmtfT'ia 
fat. ^^oTpM3^^^fe;l^pM:^^:$^^ hiio^r y 
T?lJg$:5E:JJ-lSA6>l. i h ^tX% t^t-ofz . 

[0004] -^^wm^mtcm'iki. mhzui-^rmmi 
mmt-^rni^wmmxiimmx-h^fz p m^m^mcr) 

fz.mt L<iip m.ytwm<7ymmm2:-mibx . 

mm^mmtx^mm^mnb^ . zti^(7)sm^m& 
•t^ztizxK>. m^zm-immt^m^i^m^ij-^^j: 
:^t'^'^^ :^izi5i-f^mmnm-^mmc7)u-^mi^ iv— 
^imm.xt--Dim,mm}i^m&xmmx' 
tfz^mmm&^-^ih:t, 

[0005] 

mm^mm^hfzM^m ±iim'tmm-6i,zh 
fz D . :^mMX'iit -r^t-^m^m-^ =5r ^ u- - 
•^coimtzts V , mzmim^^i^cr,^ <^)V9 m^^x 
\±'^-^r^X'h'^fzpmpmwm\,zi5\^h^-^ y riiso 

^<r>W£^ 2^^<n^m^\m^^mzwm\.xm'^^fL 
tzn^m^mm:^^^. ^cow^mmza^^xixxm. 
\^^wm(^^\;zpm7^wkt'^mx^ixx\^h 
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mzm if i^izfzmm^^coA^ $ =5:^vsi4;i ^ mm^m 
cotLxm^^^fih. ±jt^(^m^=mmiiZi5nhivim.^ 

'thx^i,z^'^-th:itt>mtv\-^. ^•^•rticom^i,^ 

ii. ln^m<M^7rM^n-- (^J;cHGaPNi;GaInPN) t 

mi^Lxhm^\ ^^{ivSttJiJi. mm^ymtLxmrn 
^^wi-vm^t-^m^t^x-m^L. ^ojia^vs 

[00 06] \iLtl,Zj^^tz:^WM(^^i^l^-^mi^m 

i^<^mm'tMi>^mxw^mttn-£. ^mcT^m - vwAt 

^'m^MWi3^^ti:^^WV-^m=?-i>zi6\-^X . GaN3t 

fiGaN/Gal nNjf^^ ^> ^ ^ ^i^^^ ^it H . Al GaN3^^ 
iSiiti Al GaN/Al Gal nNJl ^ I, ^tS^lijttw -eil^'iX 

i:^M-t§pM3>'^i5' b/i^. InMfi^i^W^$=5:GaInN 
iit Infflfi£<7);>C^ =SrGaInNji^3ci:(3aJl LfcHfS^ 
T-Olfiti:L. Inffifi£c7)^^^GaInN;itC{ipM^» 

s^co p mwrnt^zmm^fih^mm. 
m ixii. i^^vK/i) t^y^s^i^ hmcommzni^ 
X. lnmmcom^J:^2mm(7)^^i^m i-:fTtK in^^ 

MLx mntmx^tifzm ) cow.'^m^-i^'-'c^mmm.M: 
izmm^-^x. ^tii,zpmp^mm^^mv-y^-t^^m 

^m-^mit^m(o}KmtLxm^\ ^^mx.}z°^^zy- 
( M B E ) mxii^m^mms ^mmovpEymzx^ 

izin^mxLfzit^m^i^mx'mm.'t^^^. pmpf 

mmv^-yii. p^^OT^i;ifc(t-i.TOS^^pM 

^ ^ U Tm^t)^5 X 101 7 -^5 X 101 8 /cn,3 oliH X^Xo 

*^^=sr.g.pS=i>':?^ hmizi5if:hpm^mmy'--r 



rv^*^5xi0i8'-2xi0iVcm3tfOl^ffltcA'l. J; 3 c-^f 3 

tB:i\ mtt<i>i. pmmmu(^^mmmm/^yi^ 
^hm^±x^co^mzx^fm^mmxm^-ti>. ^ 

T- ^ !> , i ix J; 0 . immmm.xmfp l . ^^ajji 

c 0 0 0 7 ] $ ^c;. ^^mcou—^m^i,zis-t 
in&*j=5r^ifiit^fr?r*i^-ri.^'^. m nzinm^nc^mx^z 
j:'opmtmmi>ziiEmmxii-mim^mmuhi> 
xoi^zm^L. pmzftm^m:^iz}5^^xmminmxm 
co^^cr,mi:^^mm^mi,zmx.htB:\>K m2iz^ 
u-^m^^rmm-^fzMmi^ b^j:^m^a<^^^i^ 

7^:^H^B^^7)Wurtzi temm.'t^Lfz (0001) CMz: 
^ -ff 7 T r ( a -Al 2 O3 ) mUXii (0001 ) Cffi ^ 

^ mimm (a-sioxhht. wizm^m^it^m^ 
m^i^Kc^u—^m^cDmrnzuftL^^^ ^oj^-^. a 
:^H^B^wurtzi temmmm±iz^mm^mm:^mf&m 

»iS«&^?^B!tt-'g.:^f^^Mco(ll-20)A®t;:TOT 

fz . ^mmm±mm^commm^^^Lfz:^ hy^y-m 
mtLx. ^iSitm(Dmjj\^iztiLxmmt}Tmm^m 
ifxm^.'t- ¥:fy^^mzm^^Mm^7L^m{BH) 

m^mm-^m^Bmii^m-^^^tmiK^-mmizx 

X. ^i^u—rco-iiitmmi^zisif^^i^imii^- 

AT^wmmt Lxi>x<. ^^amt ztuzm^^'x 

^m^mfh^<. ^±^^m^W¥-m^mxLfzmA 
^^pmi>z X 0 m^Lfzm-mn^mM&^^wmmt 

[0008] ±Mcom^mmzmmm^j:i¥mcoimt,z'^ 
v^T. mzm-th. 

[0009] pmjftmmm(OAEii^^ u rm&2:vtmx 
K>i>-mu^)Hz-^mt^-^m.^-rhfzisbi,z. iiE^^ins 

m.com^mmizmm^^xpm^mmz:mx-t^^m^ 
mm-t^. in7mi±t'cr>^mtmizMLxh. -e^o^ 

im^^m^m^^znvxi.. mmm^^yb^<L. mm 
l^^tTMmmi^Lcomm^mnm^zm:<'t&(7:>x\ psl 
^mmco^^vT'iSiiit^i^m-t^^tizKch. mt 

{S\ Gam^aMI^ZM LTGalnN^H^Hii t-t^ZtlzXO. 

mtpm^m!!imxi.'is^^tm^\^±xn :^cox\ i^v^ 
iE?L^-r u rmmtm^x^ ^ . m.'yx:^^mi,zxti 
«\ ^i^v—fm^^^^mmmizni^xio'Vcm^tx 

[0010] ra&^ffiV^#:?ts:^HJcr,M^^i;^{t 
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xu. Jw.^m^-rxin^fSi^^m-t^<^tmm^^x 
iibizmm^^nmiktLx\'^^. s^tcji^ii^-^- 
(m^) 5. leex^mmtLx. mf^.^mm^. m 

i^mzlii OAbu?^ (fM^li.=f-M1^mzmm^ti^fz 

im.<7)m^-k^ < Lx ) :ic^im^mmizEmm^mx 

-^vTm^:X^^iimt^^txm^-^mmm^m^-th. 
^^mi,z^^pmmtpm^y^^hm<^m^m 

[ 0 0 1 1 ] if^. ^^m^zX 0 pM5^TOilc7)IE7L^ 

K)m<tk^Lx. ^^^m^zm-^pm^m^mcoji 
m^m-/}'^pm.ytmmm^x6m=¥- ) ^mix-^ h to 

[0012] ^stt;lJfi^^IInffl^^^ilL/^^^^'^7^ 

<^W,Wk±%<X%hZ.}:.{zX.^%,<r>x. \xKW^(r)± 

c: i: J: 0 . &im-mm\'^'^-mm!i'^^%h ^ a: 
t-^ . t.fzwm^<r)r:^-<^ fit^m-r ^ c: t ifx 

[0014] 

(m'Mmmzt^\^tz-:ifm^o:>mm.(rmm.^zi:y). zi^w^ 
^mm\<z%mi-fh . 



[0013] <mmm i >^wm<n-'mm\^m i ( a) 

h(b)tzj; OM-r-S. t-rm (a) £?)(0001)C®^^ 
-r-g>-^^T-<T(a-Al203)S«l±iZ. ^i^^mm™ 
J; D T>^:-TNH3 Srffii^ t^*^' ^>«am000°C*^ 
1200'CiOlKHT'^:^ ^rf^ftMS L Jtf^. iajg450~550°C 
IZ jo V ^-CGaN/N' V 7 r /i 2 2: fiJc:^ L . iSJ^lOOO— 1100°C 
(Z*3V'>TnMGaN3t^i^3 . nMAlGaN5l£@ig^;i4 . T 
y F-7°GaNa^|^MS.l/'r y K-rGaInN4^^#Fil 
*^ ^ I. ffi^S^*S^#F^g14ii 5 . P MAI GaN/Al Ga 
InN|itg^7^n^iii3^^;i6, pMGaN/GalnNJitS^ 
^^umM-itWimi , P^GalnN/GalnN^g^&^T^o 

i:pM*^iSii7JttXpMrJ^^^ h/lSti, -T^TIn 
m^^lll$-tt:^cSit&^^T-n;Sj§t L, Hi (b )tzm 

tJ£7)Mg^ I naBici7)«^it tZ $ -t^TT ^ A t T V ^ -g> . 
^^T. 3t^jgil6COAlGaInN®. ^®OT7c7)GaInN 
jl. rJ^'^'^J' haSi^GalnNii (I nffl^:;*:c7):^ ) IZtiMg 
3&^'F-r$il. 3^^;i6iOAlGaN;i, ^^^Jiyc^GaN 
ri^:?^ bSSi^GalnNii ( InMfi£/h<7):^) tZfiM 

H-r$ixTv^^v^« pS^fifi^^oMgtiM^a^b-^^^g 
(^WQ. P STie^M 6 i: P Mt^^M 7 tz5x iQi ^ —2 
X10iVcm3<7)®H-e. pM3>'^^ bM8tZ5X10i8~2 

xiQi Vcm3 co^Hf^^^A Lt'^ „ m.z. 7^ h u y y 

77^-i:Jl-y^y^'SnXt3j;'9. lll(a)t^-rJ;o 

t::. ^B^Biic7)-gp^Ji3t3^iJi)Sm*-ri>, ^<r>'ik. 

^M9^^ftT, .^.^J^Xh7^7°:;^[^^Ma-Al203 
1 ^Zfcft-I. (11-20)A® i: TO^::^[^»E!c-r^ , i 

^)vy=7y ^—^zx^ ^ pmmM\o}Lnmm\ 

^zi:iLxmm.^j::}i\^i>zw^^mm't^^ti>zx->x. m 
1 {a){,z7r^-tm=^mm^%h . 

[0016] imWM^ZX h t . pMGaNS.T/AlGaN3^^ 

^tx^fccox\ pmytm^mcommm^imx^fz. $ 
hiz. pm^y^^hmtpmmmcomMin.ti--5x 

i^i/io {^m(7)inm^itizim) ^^^.twii 
Am^2 0 mAmi^m^mf^m^iiift^^cos . svizm 

LX3. 1-3 . 3VI,ZtXiSMX^fz. ^fz. :^mMI,Z 

xK)iEii^-rUTmm^m<x^^fzi!b. pm/cm^m 
cr>my:^j\^^\^^ji'^XK)m<x^h. ztLi,zx'o. ^ 
^^^mi,zm-^ pmy6mww<^j^^^j^^-mmt:±^ 

izmn^^-t^tLX^^-^^cT)!:'. ^comtfrmitrnK^j:^. ^ 
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4 1 0~4 3 0nTnC7)^m'CU~'f^m-t^m=F^n 

[0017] <mmm2>:^^Bmmcommm^m2i,z 
J; ^mmth . mmm i tmm>.zLxm^^im'ti> 

Lfzm. 7 =}- h u V 7 -tc J; 0 tm^m i 
coiM^^mzx h 7 -f -y-mzm^-thwrnw^T. y ^ 
mfs. L , mz;icr,mmm'?x ^ ^m^tz:^ -y ^ >'^-tz i 

•9. pSAlGaN/AlGaInNTO^xn^-^M3^^lS;i6 

MGaNmci[$^^l 1 2 ^ JltKBic:^^- o Ife^^-?^ ^ ^ 
l^t/if^. pSGaN/GalnN^tS^^-fa^itiii^ii;^ 
;i 1 3 i: pMGaInN/GaInNSi^g^7^Dlf3a3>'^^ b 

^inxtw i 0 . H 2 tz^-t J; -5 tc. >j ■/ 7li 

jtiOM$r;i3tsiji,smi-r?.„ ^c7)f^, mmw 

[0018] immmzi. h h. . mmMkmm 1 2 ^^tt 
fzmwmmm.^zx-^x^^i><^x\ mm\ 1 j: 0 i>f£ 
mm<^m=F^wz, mmmxkit. mmwi^zit^x. 1/ 
3i3-hi/5i,z±xm^x-^fz. ^mm.mi. ^-^^M 

(7)4 1 0--4 3 0 nmCr)^mX'h->fz. 

[0019] <mMm3>^%mcom(7^m:tm\^m3i>z 
^rimm-h. t-f. mm\i'^2hmmi.zLx. nm. 
<oz3^im^m 3 1. •c-istt^ .iXi^z.y^h y vyyy 
^-tJ^-y^y^'izx'o. ^mmm3±m^zxh^^y° 
mzmwLfz2^(7)mim^m<7)m^m'7^^ 1 4 

tZ. nSAlGaN3t®ig;i4, T >- F— 7°GaN4^I^MilS. 

r/ry F-rGainNM^#Fii*^'^^-5.Ei^M^sa-? 

5 , P MAlGaN/AlGalnN^itS^^^a^ijtT^ 
6 . P MGaN/GalnN^tg^T-O^it^t^ig^ii 
7, pSGaInN/GaInN^g^g^7"a^iir?>'^^^ hilS 

^i^ii 3 C7)WB£:^7&^ COXmX'li . '^^Bf^m^ 2^C7)X 

hy^ y'^^m-7:^-^::^xa:m^tifzmmxmm^z± 
tx^^^fzi!b. m3iz^-txdK:mmmm^^-t^^^B 

vv^'yy ^-izxK) . pmm ot nmmMi ICO 

i^i^zmm-irmm-t^ ztizx-yxm3 iz^-tmi^mm^ 

[00 20] ^mtmi^zj: h t . mmijfmmiz x^xm 

-^f^<^mmmmt^±^ < ttt^iox-. m^^^^^izm 
wcx^^, ^i^iz. mmMm^^i>iz^^^cox\ mmm 



mm^mx-s^-^fz. mmmwM. mmm2i,zit^x. 
^ i^izi/2i)-^i/3iztx'imx-^fz. mmmi. »^ 

&U-M:i^C04: 1 0~4 3 0 nmCOMHT-$>ofc. 

[002 1 ] <mmm4>^^BMc/)mcDmmmi:m4iz 
xKimm-t^o mmm3tmmt>zLxm^^im'th 
t>K mmm si^zmm-t^Buxhy^ y°mm<^mmizm 

^mm Lxmmm 3tm t^^M ^miKm^i-h „ r s 

-j-^^-ytii. m3cr,m^m.X'mi^fz2^co:x.h^ 
A y'^ammr^T. ^ (r^^m^z . izm^fiiz 1 ^-r 
-:>::^V'7-{y'^coW^-7:^9^WLnxm^^rih. mm 

-tfiimtz ^zm^^fifzmmMW^ ( mm-^:^ 9 t 
itmhfitzmm) x-hh. y^-j'^'9-y}L<n>xvvA 

LT. mM^.^'^\^t^:\^X^\,z~th. ^<mk. w^im 

m\^t)^^wm:mwi-th^h.\,zi.y) ^ 114 tn^-r^^ir 

\Q^22\^mm\\<zXh)z. y^-i^^-yi.zi.'o 

cja^gpcT) B H X h 9 ymmzii \^hmm^iBm<7y^ 
^n'&'k'&Mx:%fz. mm3^z^^x^mm. 
mm'^^x-^ 0 . m>m.m.-kmmm 3 j: 0 $ ^> 4^2/3 

J; 0 3 0%;{j-^^ 5 0%ti^T-#/^^, MiS^^fi. 
jg^:i:J^(^4 10—430 nmC7)|®HX'S>-:)f^. 
[0023] <mim\ 5 >*%H3£^ft!JCO^]!i6^JI:|jiBJ-r 

I). ^mmmi. mzmm'Ltzm\ib'^A(^\y^f\jh^ 

<^^^1iE!c^^-r-S.¥^#:^— rs^t*3v^T. a^i 

BT'S) I. n m^mm.^ ( ct -Si O V \ i7)±tZ n m 
GaNy ^' >y 7 r Jl ISttT . HSfei^J 1 T^S 4 CDV ^-m^&^cT) 

m^zw^xm^F^wm.'th , 

[0024] ^js^WitzJ; I, i: ^ M*^nMc7)#mi4& 

S^oM^Bttcfcv^T. m'^m^Tf^zLfz-7^yhi}^ 

JiiSIIMM J; 0 1 . ^^i^aagT-l&f^-r-i) i— lfS^^=f# 
fz, 

[0025] 

OTtifcv^T. p-M^^OTc^iEfL^-vUTii^&10i9 
/cm3 S T'ffiSra^T'^ -g) J; 0 0 , ts^^i 0 4>-ffir 

mm^^w.x-^fz. pMrjy^j'^ hjii:p{ii 

5f}^h\/mzimL-ththh[Z. iiAm»fL2 0mAB#C7) 
^^»MJEE^t^*ii 3 . 6 VT-$)-5/icOi3^LT 3 . 1 
'-'3.3Vi,z^X'i&mX'%fz. tfz. iSuiETL^A-yr 
iiJ^^ziD, pM3t^Mtci^{t^^7x;l-5lx-<;i.^ 
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Gal nNTO>?)^ ^> ^ I, P—if K^'^^ M^fitZii V illS: L . 
^MM4 10-430 nm£7)|gHT"W^fe<7)^:^Ml^ 

[0026] ^^mVii. (OOODCtSSr^LTtWurtzite 
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